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Soils sampled from sites adjacent to two disused mines in the Barberton district were found to be derived from 
ultrabasic rocks. The soils contained elevated concentrations of Ni and Cr. Although potentially phytotoxic, the 
soils supported a relatively diverse flora. Samples of six species collected from both sites had unusually high 
root and leaf tissue concentrations of Ni, suggesting physiological tolerance of the metal. Berkheya coddii 
Roessl. showed hyperaccumulation of Ni in leaves and is likely to be endemic to nickeliferous serpentine; it 
may also have value as a geobotanical indicator species. Only Sporobolus pectinatus Hack. and Sutera sp. 
aff. S. silenoides Hilliard absorbed Cr from soil solution and translocated it to leaves. Uptake and translocation 
of Cr is rare and the physiological mechanisms of Cr tolerance in these species remains unclear. 
Grondmonsters is in die Barbertonse distrik, in die omgewing van twee myne wat nie meer bewerk word nie, 
versamel. Die grond is gevorm uit basiese gesteentes. Die grond het hoe konsentrasies Ni en Cr bevat. 
Alhoewel die grond potensiaal fitotoksies is, kom 'n relatief diverse flora daarop voor. Monsters van ses 
plantsoorte wat op albei lokaliteite versamel is, het ongewoon hoe Ni-konsentrasies in beide die wortels en 
blaarmateriaal gehad, wat dui op die fisiologiese verdraagsamheid van die spesies teenoor die metaal. 
8erkheya coddii Roessl. hiper-akkumuleer Ni in die blare en is heelwaarskynlik endemies op nikkeldraende 
serpentyngesteentes; dit mag van waarde wees as 'n geobotaniese indikator-spesie. Slegs Sporobolus 
pectinatus Hack. en Sutera sp. aff. S. silenoides Hilliard absorbeer Cr uit die grondoplossing en translokeer dit 
na die blare. Die opname en translokasie van Cr is 'n seldsame verskynsel en die fisiologiese meganismes wat 
verantwoordelik is vir die verdraagsaamheid van Cr in die spesies is nog onduidelik. 
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Introduction 
Soils derived from ultramafic serpentinites are inhospit-
able to normal plant growth. They are characterized by 
unusually high magnesium (Mg)/calcium (Ca) ratios and 
are often associated with high cobalt (Co) and iron (Fe) 
contents (Jeffrey 1987). Potentially phytotoxic concen-
trations of chromium (Cr) and nickel (Ni) have been 
recorded in many serpentine soils. Although regional 
differences between serpentine soils exist , most are 
skeletal, coarse-textured and have poor fertility 
(Johnston & Proctor 1981) . Plants which colonize these 
substrates are variously tolerant of impaired Ca uptake, 
mineral nutrient deficiencies, metal toxicities and 
periodic water stress . Nevertheless, reports of work on 
serpentine ecology in the United Kingdom (Proctor & 
Woodell 1975), New Caledonia (Kelly et al. 1975) and 
the USA (Kruckeberg 1984) describe a diversity of plant 
species which are associated with regional serpentine 
soils. 
Much work has been conducted on the plant ecology 
of ultramafic oomplexes in southern Africa . In partic-
ular , Wild (1965 , 1974a , b , 1978) provided descriptions 
of serpentine soils and vegetation of the Great Dyke , 
Zimbabwe. Aspects of the mineral nutrition and metal 
tolerance of some species grown on nickel-rich soils from 
Zimbabwe have been described by Wiltshire (1974). The 
serpentine flora of the region includes endemic taxa as 
well as metal-tolerant ecotypes of more widely occurring 
species; this work has been reviewed by Brooks et al. 
(1985). It is evident , however , that no ecological 
research has been performed in the serpentine regions of 
South Africa (Brooks 1987). Here, serpentinite outcrops 
occur throughout the Archean Complex of the Swazi-
land Supergroup of the south-eastern Transvaal. Metall-
iferous soils derived from these outcrops are likely to be 
important refugia for endemic and rare species of 
conservation and scientific value (Johnson 1978; Holiday 
& Johnson 1979) . In view of this , a preliminary survey 
and analyses of soils and vegetation were conducted in 
the serpentine areas of the region. This paper describes 
the results of diagnostic chemical analyses to detect 
metalliferous soil anomalies . Determinations of Cr and 
Ni concentrations in roots and shoots of six plant species, 
hitherto unrecognized as colonists of serpentine soils, 
are presented also . The pattern of metal uptake and the 
likelihood of metal tolerance mechanisms being present 
in these species are discussed. 
Study sites 
Areas of likely serpentInIzation were detected from a 
regional geological map (Dept. Mineral & Energy 
Affairs 1984) . Within these areas , two study sites were 
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selected on the basis of microscopic analysis of thin 
sections of rock which suggested their ultramafic status 
(Balkwill & Balkwill 1988). The study sites were adja-
cent to the Star Asbestos Mine in the Kaapsehoop 
Valley, and Agnes Gold Mine, Barberton (refer to 
Figures 1 & 2). The Star Mine site is a highly disturbed 
north-facing slope of approximately 30° inclination, last 
worked for asbestos in 1982. The site was conspicuous by 
large outcrops of green serpentinite and chrysotile. The 
slope was mostly denuded with the exception of occas-
ional patches of xeromorphic vegetation. The vegetation 
adjacent to the discontinuity was relatively diverse. The 
Agnes Mine site was undisturbed and showed 
serpentinite outcrops on north- and south-facing slopes; 
the north-facing slope was distinctly banded with light 
and dark serpentinite. The soils associated with the 
outcrops were shallow and skeletal but supported a rela-
tively species-rich vegetation cover. 
Materials and Methods 
Chemical analyses of soils 
Determinations of soil pH were performed on fresh 
samples which had stood for 2 h in a 4:1 mixture (v/v) of 
deionized, distilled water and soil, respectively (Carter 
et al. 1987). Measurements were taken with an Orion 
'Ionalyzer' pH meter and glass electrode. 
The content of principal, diagnostic metals in soils 
sampled from both sites was determined by X-ray fluor-
escence spectroscopy. The content of oxides of Mg, Ca, 
Fe, Cr, and Ni percent soil dry mass was measured, 
together with total elemental concentrations of Co and 
copper (Cu). The method has been prescribed as a 
convenient, preliminary diagnostic method for the detec-
tion of metalliferous anomalies (Jeffrey 1987), and for 
multi-element surveys (Phipps 1981). Here, the method 
adopted followed that of Jones (1982). 
The soils were shallow, so analyses were performed on 
samples removed at random down to 10 cm only, at both 
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Figure 1 Map showing the positions of Nelspruit and 
Barberton in the south-eastern Transvaal. 
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sites. At the Agnes Mine location, soils from the light-
and dark-banded strata were taken from the north-facing 
slope. Prior to analysis, the samples were air dried. Rock 
debris was removed from the samples which were then 
ground gently with an agate pestle and mortar to pass 
through a 2-mm nylon mesh. This removed further plant 
and soil debris. The 2-mm sieved fraction was then 
ground finely using a swing mill. The method followed 
that of Allen et al. (1976). 
Analyses of Cr and Ni uptake by plants 
Samples of intact plants of six species were taken at 
random from both study sites, together with soils from 
the rooting zone of each individual. The plant species 
sampled, and their location, are listed below: 
1. Berkheya coddii Roessl. (Compositae) , voucher: 
Balkwill & Cadman 2566 (E, J, NU); Agnes Mine. 
2. Heteromorpha pubescens Burtt Davy (Umbelliferae), 
voucher: Balkwill, Cadman & Morrey 3731 (E, J, 
PRE); Agnes Mine. 
3. Pearsonia sessilifolia (Harv.) Duemmer ssp. sessilifolia 
(Leguminosae - Papilionoidae), vouchers: Balkwill 
& Cadman 3605 (E, J, PRE); Agnes Mine and 
Balkwill, Cadman & Morrey 3745 (E, J); Stolzburg 
syncline. 
4. Sporbolus pectinatus Hack. (Graminae); Star Mine, 
5. Sutera sp. (Scophulariaceae) aff. S. silenoides 
Hilliard, voucher: Balkwill & Cadman 2545 (E, J, 
NU); Star Mine. 
6. Xerophyta retinervis Bak. (Velloziaceae); Agnes 
Mine. 
Total elemental concentra~ions of Cr and Ni in plant 
samples, and the soils within which they were rooted, 
were measured by atomic absorption spectrophotom-
etry, using an air-acetylene flame. Prior to chemical 
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Figure 2 Map showing the locations of the study sites at 
Agnes Mine and Star Mine. 
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analysis, soils were prepared in a similar way to those 
analyzed by X-ray fluorescence spectroscopy. To 
remove surface contamination by soil particles the plant 
samples were agitated in 2% DECON 90 solution for 
approximately 30 sec, and washed three times in 
deionized , distilled water. The removal of surface partic-
ulate matter from ecological materials using a dispersion 
agent followed the methods of Bohm (1979) and Clark & 
Clark (1981). 
Subsequently, the plant material was separated into 
root and shoot components, oven dried at 60°C and 
finely ground in a Cyclone mill. Chemical analyses were 
performed on hot acid extracts of plant and soil samples 
which had been digested in concentrated HN03 (Analar) 
at 140°C for 5 h (Isaac & Johnson 1977; Proctor & 
Craig, 1978). 
Results 
Generally, soil pH values measured at both sites were 
within the ranges decribed for the serpentine soils of the 
Great Dyke, Zimbabwe by Soane & Saunder (1959), 
Wild (1974b) and Proctor & Craig (1978). Soil samples 
from Star Mine were less acidic (modal pH = 6,33; 
range 6,05-6,75) than those sampled from Agnes Mine 
(modal pH = 5,84; range 5,0-6,08). No soils from 
either site reflected the marked alkaline reaction of the 
serpentine soils described by Walker (1954). 
X-ray fluorescence analysis 
The results of X-ray fluorescence analysis of soils are 
summarized in Table 1. Soils from both sites _showed 
extremely high Mg/Ca ratios. Highest Mg concentrations 
were found in the Star Mine samples and were expected 
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in soils derived from chrysotile asbestos. All samples 
showed high Fe contents which may be a consequence of 
olivine or chromite weathering. The concentrations of 
Cr and Ni were high enough to be potentially phytotoxic 
at both sites, and were particularly high in soils associa-
ted with light bands of serpentinite at Agnes Mine. 
Concentrations of Co were also high, with up to 630 mg 
kg- 1 in the Star Mine soils; this is approximately double 
that measured in the serpentine soils of the Great Dyke 
and up to 80 times the Co content of 'normal' soils off 
the Dyke (Howard-Williams 1971). 
Chromium uptake by plants 
A summary of the results of chemical analyses of soils 
and plants is given in Table 2. The concentrations of Cr 
measured in soils sampled from Agnes Mine ranged 
from 1 593-3 122 mg kg-I. These Cr concentrations are 
40 to 80 times the mean Cr concentration in productive 
soils (37 mg kg-I) reported by Shacklette et al. (1971) . 
Regardless of Cr concentration in the soil, plants from 
Agnes Mine generally did not show evidence of root 
uptake of Cr, thus supporting the findings of Brooks et 
al. (1985), that plants generally exclude Cr. Berkheya 
coddii was exceptional in its root absorption of Cr, albeit 
at apparently sub-toxic concentrations. However, Cr was 
not detected in stem or leaf tissues of B. coddii, which 
suggests the possible existence of a root-binding 
mechanism in the species. 
At Star Mine, individuals of Sporobolus pectinatus and 
Sutera sp . were rooted in soils with Cr concentrations 
approximately 3 times higher than those sampled at 
Agnes Mine. Here, Cr was detected in the roots and 
shoots of both species. Root concentrations up to 385 mg 
Table 1 Mean concentration of diagnostic metals in soils sampled from the Star 
and Agnes Mine sites. Values are given as % oxides of metals in air-dried soil 
except for Co and Cu concentrations which are given as mg kg-1 dry soil mass. 
Ranges are shown in parentheses; n=5 
% Metal oxide 
Site FeO MgO CaO Cr20 3 NiO 
Star Mine 17 ,26 38,39 0,05 0,9438 0,6121 
(13 ,7-18 ,9) (29 ,4-40,4) (0 ,03-0,34) (0,331-D ,967) (0,382-0,698) 
Agnes Mine 20 ,72 8,72 1,88 0,9124 0,3837 
(Dark band) (18,7-21 ,2) (8 ,1-8 ,8) (1 ,85-1 ,91) (0,828-1 ,174) (0 ,298-D,454) 
Agnes Mine 22,13 9,78 1,61 2,0534 0,9374 
(Light band) (21,4-23,7) (9,0-10,7) (1 ,44-1 ,69) (1 ,728-2 ,335) (0 ,852-1 ,023) 
Elemental concentration (mg kg-1 dry soil mass) 
Site Co Cu 
Star Mine 180 76 
(150-630) (74-169) 
Agnes Mine 135 112 
(Dark band) (105-165) (107-120) 
Agnes Mine 240 94 
(Light band) (210-270) (88-98) 
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Table 2 Mean concentrations of (a) chromium and (b) nickel measured in 
soils and vegetation sampled at the Star Mine and Agnes Mine sites. 
Standard errors of the means are shown in parentheses; n=5 except where 
* denotes n= 1 0 
a. Mean chromium concentration (mg kg-1 dry mass) 
Species Soil 
Berkheya eoddii 2786 (11 0) 
Heteromorpha pubeseens 2218 (99) 
Pearsonia sessilifolia 2254 (42) 
Sporobolus peetinatus 7329 (274) 
Sutera sp. 5805 (221) 
Xerophyta retinervis 2378 (143) 
Roots 
41 (17) 
<5 
<5 
334 (99) 
60 (10) 
<5 
Stems 
<5 
<5 
<5 
10 (7) 
Leaves 
<5 * 
<5 * 
<5 
82 (22) 
248 (52) 
<5 
b. Mean nickel concentration (mg kg-1 dry mass) 
Species Soil 
Berkheya eoddii 3178 (1486) 
Heteromorpha pubeseens 2411 (550) 
Pearsonia sessilifolia 2233 (126) 
Sporobolus peetinatus 2357 (92) 
Sutera sp. 2381 (53) 
Xerophyta retinervis 2281 (213) 
kg-! dry mass were measured in Sporobolus pectinatus, 
whereas Sutera sp. showed leaf accumulation up to 404 
mg kg-l. These concentrations are approximately 4 times 
the tissue concentration regarded as toxic to plants, 
induding serpentine endemics (Wild 1978). However, 
neither Sporobolus pectinatus nor Sutera sp. is a 
serpentine endemic, although the latter may be a metal-
tolerant ecotype of Sutera silenoides Hilliard. 
Brooks et al. (1985) point out that plant uptake of Cr 
to these levels is unusual and may be indicative of sur-
face contamination by soil particulate matter. It is likely 
that contamination would be high on plant leaves which 
support hairs, such as H. pubescens and P. sessilifolia. 
Reference to Cr concentrations measured in leaf samples 
of these species (Table 2a) shows levels <5 mg kg-I. It is 
likely that highest surface contamination would be incur-
red by roots. However, Cr concentrations measured in 
roots of H. pubescens, P. sessilifolia and X. retinervis are 
also <5 mg kg-l. These results support the opinion that 
unusually high concentrations detected in the roots of 
Sporobolus pectinatus and leaves of Sutera sp. are not a 
consequence of surface contamination. 
Nickel uptake by plants 
Normal soils, as described by Swaine (1955), contain Ni 
concentrations in the range 5-500 mg kg-I. Generally, 
the species sampled from Star Mine and Agnes Mine 
were found growing in soils of 1 39&-3048 mg Ni kg-l. 
However, B. coddii was exceptional in colonizing soils of 
mean Ni concentrations exceeding 3 000 mg kg- l (Table 
2b), with one sample found growing in soil with Ni 
>5 000 mg kg-!. Soil Ni concentrations of >4 000 mg kg-! 
were considered by Wild (1974b) to be a prerequisite of 
Roots Stems Leaves 
2127 (779) 4344 (1050) 11637 (1754)* 
389 (37) 331 (26) 363 (43)* 
335 (47) 227 (11 ) 259 (12) 
197 (15) 378 (81 ) 
187 (18) 195 (16) 388 (63) 
345 (12) 367 (14) 
the development of botanical anomalies. 
Individuals of each species showed absorption and 
translocation of Ni, and had normally phytotoxic 
concentrations of Ni in roots and leaves. A degree of Ni 
accumulation in the leaves of Sporobolus pectinatus and 
Sutera sp. was apparent. Uptake of Ni to these levels 
suggests the existence of metal detoxification systems 
within each species. The degree to which B. coddii 
absorbed and translocated Ni was unusual. Extremely 
high concentrations were measured in roots, stems and 
leaves, with highest leaf concentrations in excess of 
13 900 mg kg-l. This leaf concentratjon is approximately 
14 times the critical concentration regarded by Brooks et 
al. (1977) as being indicative of Ni hyperaccumulation. 
The Ni tolerance mechanisms that have evolved in B. 
coddii are unknown. 
Although no meaningful relationship between Ni 
uptake and total soil Ni concentration can be determined 
from these data, the degree of hyperaccumulation in B. 
coddii may vary with soil Ni concentration. Individuals 
sampled from relatively low Ni soils of the dark-band 
serpentine (1 558-2044 mg kg-I) had leaf Ni concentra-
tions approximately three times those measured in the 
soils; plants sampled from the light-band serpentine with 
3 192-5 394 mg kg- l Ni in soil showed leaf Ni 
concentrations approximately six times those in the soils; 
the difference in the leaf Ni concentrations between the 
two samples was statistically significant (Mann-Whitney 
U = 14, P<O,Ol). It is possible, but as yet unsubstan-
tiated, that the relative availability of Ni for plant uptake 
may be inferred from Ni concentrations in plant tissue 
(Shewry & Peterson 1976). 
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Discussion 
Results of chemical analyses by X-ray fluorescence con-
firmed the status of the Star and Agnes Mine soils as Cr-
rich, nickeliferous serpentines. Compared with the Cr 
concentrations of 140000 mg kg- 1 measured on the 
Great Dyke (Wild 1974a), the serpentine soils at Agnes 
and Star Mines contain high, but not unusual, amounts 
of Cr (Shewry & Peterson 1976). 
It is evident that some uncertainty exists as to whether 
high concentrations of Cr in soils are potentially phyto-
toxic (refer to Soane & Saunder 1959 and Foy et al. 
1978). There is evidence, though, that the Cr VI chro-
mate ion is more phytotoxic than the Cr III chromic 
species (Peterson & Girling 1981), and that the Cr VI 
oxidation state predominates in soils of relatively high 
pH (Skeffington et al. 1976; Bartlett & James 1979). 
Therefore it is possible that soils sampled in this survey 
contain sufficient Cr VI to be potentially phytotoxic, 
particularly the higher pH soils at Star Mine. In addition 
to suffering Cr phytotoxicity, plants which colonize these 
soils may suffer impaired phosphorus and Ca uptake as a 
consequence of Cr and Mg interferences, respectively 
(Jeffrey 1987). 
In southern Africa, only serpentine populations of 
Dicoma niccolifera and Sutera fodina have shown 
appreciable Cr absorption, to leaf concentrations of 
1 500 mg kg-) and 2400 mg kg- 1 , respectively (Wild 
1974b). These concentrations are unexpectedly high and 
may be the result of Cr contamination from particulate 
matter blown from the adjacent Noro chrome mine. This 
opinion is supported by subsequent anal yes of the taxa 
which showed both species to contain 20 times less Cr 
than previously reported (Brooks & Yang 1984). How-
ever, this study has demonstrated that Sporobolus 
pectinatus and Sutera sp. absorb and translocate Cr, with 
highest leaf concentrations >400 mg kg- 1 in Sutera sp. 
Outside of southern Africa, this level of uptake has been 
exceeded only by one species of bryophyte, Aerobryopsis 
longissima, (Lee et al. 1977). Work conducted in New 
Zealand by Lyon et al. (1970) revealed apparently high 
levels of Cr uptake by the angiosperm Leptospermum 
scoparium. However, tissue concentrations were 
estimated from plant ash without conversion to concen-
tration in dry mass. Consequently, the status of this 
species remains unclear. 
Determinations of Cr in leaves of oats (Avena sativa 
L.) grown in sand culture (Hunter & Vergnano 1953) 
indicated that Cr concentrations of 49 mg kg-] leaf dry 
mass could be toxic. The work of Davis et al. 1978) 
showed an upper critical level of 10 mg kg-! Cr in leaf dry 
mass of spring barley (Hordeum vulgare L.), also grown 
in sand culure. Therefore, it is likely that the Cr concen-
trations measured in tissues of Sporobolus pectinatus and 
Sutera sp. would normally be toxic. It is expected then 
that both species have evolved physiological mechanisms 
of Cr tolerance. That serpentine populations of H. 
pubescens, P. sessilifolia and X. retinervis were found to 
have <5 mg kg-! Cr in shoots and roots suggests that 
these species may avoid Cr toxicity by root exclusion. 
Root concentrations of Cr in B. coddii were low and no 
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Cr translocation to shoots was evident. This may be 
indicative of B. coddii binding Cr to root cell wall 
materials. However, these likely explanations of Cr 
tolerance or avoidance mechanisms are speculative and 
need to be substantiated by further research. For a 
review of the current understanding of physiological 
mechanisms of tolerance of heavy metals in plants, refer 
to Baker (1987). 
Much of the Ni in serpentine soils may be unavailable 
for plant uptake (Hutchinson 1981). The solubility of Ni 
in soil solution is reduced with increasing pH (Halstead 
et al. 1969), and the plant uptake of Ni in solution may 
be antagonized by high soil concentrations of Mg 
(Proctor & McGowan 1976) and Fe (Crooke & Inkson 
1955). The pH values of soils measured in this survey are 
relatively high for South African soils (de Villiers, pers. 
comm.). The total concentrations of Mg and Fe also 
were found to be high, especially in the Star Mine soils. 
Consequently, it was expected that plant uptake of Ni 
would be limited, particularly in Sporobolus pectinatus 
and Sutera sp. at Star Mine. However, individuals of 
each species showed uptake and translocation of 
normally phytotoxic amounts of Ni. The pattern of 
uptake and translocation differed between metals and 
species. This implies the existence of interspecific 
differences in physiological tolerance ranges and 
mechanisms for Cr and Ni. 
Tolerance of high tissue concentrations of Ni may be 
effected by detoxification. Metal detoxification mechan-
isms found to exist in other species include root cell-wall 
binding, ion transport to vacuoles and organo-metallic 
complexing. Descriptions of these mechanisms are pro-
vided by Antonovics et al. (1971), Woolhouse (1983) and 
Baker (1987). However, research into mechanisms of Ni 
tolerance has received relatively little attention, parti-
cularly with regard to species which hyperaccumulate. 
Berkheya coddii has been collected infrequently and 
all specimens at the National herbarium (PRE) are from 
the Barberton area. In addition to B. coddii collected 
from Agnes Mine, the authors have recorded its pres-
ence in the Queens River Valley and on the Stolzburg 
syncline. In all cases the species occurs on serpentine. 
Therefore, it is likely that B. coddii is endemic to 
serpentine soils. The discovery of B. coddii as a Ni 
hyperaccumulator supports this view and adds to the 
current list of 144 taxa in which this trait has evolved 
(Baker 1987). 
Hyperaccumulation of Ni by serpentine colonists is a 
relatively rare response to elevated concentrations of the 
metal in soil; only four plant species which hyper-
accumulate Ni have been recorded for the whole of 
Africa (Brooks & Yang 1984). The character seems to 
occur over a narrow range of species which, hitherto, has 
not included members of the Compositae (Baker & 
Brooks 1988). Wild (1974b) recorded concentrations of 
3 300 mg kg-! Ni in leaf ash from the composite Dicoma 
niccolifera, thus implying the species' tendency to 
hyperaccumulate the metal. Subsequent analyses of 
herbarium samples of D. niccolifera, also taken from Ni-
bearing soils in Zimbabwe, yielded mean leaf Ni concen-
trations of only 552 mg kg-! dry mass (Brooks & Yang 
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1984). From these results it was concluded that leaf 
concentrations of Ni measured on an ash basis are 
overestimates and misleading. Furthermore, results of 
laboratory studies performed by Wiltshire (1974) show 
clearly that Ni taken up by D. niccoli/era was retained by 
roots. This is not characteristic of an hyperaccumulator 
species . 
Berkheya coddii may be described as a type II 
hyperaccumulator as a consequence of its accumulation 
to >1 % Ni in leaf dry mass (Brooks 1980). As such , the 
species has potential value as a Ni indicator species and 
may be of importance in the geobotanical prospecting 
for Ni-rich strata (Timperley et al. 1970; Cole 1973). 
Plant species which have evolved physiological tolerance 
to high soil concentrations of heavy metals also have 
been shown to be of value in the colonization and 
diversification of metalliferous and potentially 
phytotoxic mining wastes (Wild & Wiltshire 1971; Cooke 
& Morrey 1981; Morrey et al. 1988). The creation of 
conditions to facilitate the rapid establishment of 
tolerant vegetation on hazardous wastes such as the 
serpentine asbestos debris of the south-eastern 
Transvaal is particularly important. Consequently, the 
authors are conducting further research on the ecology 
and biosystematics of plant species which occur naturally 
on the ultramafic soils of South Africa. 
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